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7KH R[LGDWLRQEHKDYLRXURI0Q0R1LDQG$,6,6WHHOLQ6DOW VROXWLRQRI ZW1D62ZW.62 KDV
EHHQVWXGLHG DWDWHPSHUDWXUHRI& XQGHUF\FOLFFRQGLWLRQ 7KHUPRJUDYLPHWULFWHFKQLTXHKDVEHHQXVHGWRNQRZ
WKH FRUURVLRQ NLQHWLFV RI 0Q0R1L VWHHO DQG$,6,  VWHHO LQ VDOW DW & XQGHU F\FOLF FRQGLWLRQV IRU 
F\FOHV(DFK F\FOHFRQVLVWHGRIKRXUKHDWLQJDW& IROORZHGE\PLQRIFRROLQJLQDLU 0Q0R1L VWHHO
VDPSOH IROORZHG VRPHZKDW OLQHDU UDWH RI R[LGDWLRQZLWKPRUHZHLJKW JDLQZKLOH $,6,  VDPSOH IROORZHG WKH





.H\ZRUGV +RWFRUURVLRQ 0Q0R1L$,6, ZW1D62ZW.62
 ,QWURGXFWLRQ
)HUULWLFVWHHOFRQWDLQLQJFKURPLXPDQGPRO\EGHQXPDUHZHOONQRZQIRUWKHLUEHWWHUPHFKDQLFDOSURSHUWLHVZLWK
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KLJKWHPSHUDWXUHVWUHQJWKDQGKLJKWKHUPDOIDWLJXHOLIHDVZHOODVZLWKJRRGWKHUPDOFRQGXFWLYLW\ZHOGDELOLW\DQG
UHVLVWDQFH WR FRUURVLRQ DQG JUDSKLWLVDWLRQ 'XH WR WKHVH FKDUDFWHULVWLFV WKLV W\SH RI VWHHOV KDYH DWWUDFWHG VSHFLDO




WHPSHUDWXUHV7KLV LVNQRZQDVKRWFRUURVLRQZKHUHDSRURXVQRQSURWHFWLYHR[LGHVFDOH LV IRUPHGDW WKH VXUIDFHV
DQG VXOSKLGHV LQ WKH VXEVWUDWH 6LQJK HW DO  $OOR\V WKDW DUH GHYHORSHG IRU KHDW DQG R[LGDWLRQ UHVLVWDQFH
W\SLFDOO\ IRUP D SURWHFWLYH OD\HU RI FKURPLD RU DOXPLQD 7KH PRUH UDSLGO\ WKLV OD\HU LV HVWDEOLVKHG WKH EHWWHU
SURWHFWLRQLVRIIHUHG$VWKLVOD\HUJURZVRUDVLWUHIRUPVRYHUDUHDV IURPZKLFKWKHRULJLQDOOD\HUZDVUHPRYHGLW
PXVW ZLWKGUDZ FKURPLXP RU DOXPLQLXP IURP WKH PHWDO LQ RUGHU WR SURYLGH IRU IXUWKHU VFDOH JURZWK /LQN HW DO
2[LGHVFDOHLVFRQVWLWXWHGE\DOD\HUHGVWUXFWXUHZLWKFRPSRVLWLRQDODQGPLFURVWUXFWXUDOYDULDWLRQVIURPWKH
VXEVWUDWH WR WKH RXWHU LQWHUIDFH 6DHNL HW DO  $PRQJ WKH IHUULWLF VWHHOV PRGLILHG &U±0R H[KLELWHG WKH
KLJKHVWKUXSWXUHVWUHQJWKDWDOOWHPSHUDWXUHVZKLOH&U±0RVWHHOH[KLELWHGWKHORZHVWUXSWXUHVWUHQJWK7KH
FUHHSVWUHQJWKRIPRGLILHG&U±0RVWHHOUHPDLQVKLJKHURUHTXDOWRWKDWRI$,6,W\SHDXVWHQLWLFVWDLQOHVVVWHHO
XS WR . 7KH VWUHQJWK YDOXHV RI SODLQ &U±0R VWHHO OLH LQ EHWZHHQ RI WKRVH H[KLELWHG E\ &U±0R DQG
PRGLILHG&U±0RVWHHOV %DOGHYHWDO 
7KLV SDSHU LV LQWHQGHG DV D FRQWULEXWLRQ WR WKH NQRZOHGJH RI WKH R[LGDWLRQ EHKDYLRXU RI WKH





7KH H[SHULPHQWDOZRUNZDV SHUIRUPHG E\ XVLQJ VDPSOHV RI 0Q0R1L VWHHO	$,6,  VWHHO 7KH
0Q0R1LVWHHOZDVUHFHLYHGIURP%$5&0XPEDL,QGLDDQG$,6,VWHHOZDVUHFHLYHGIURP-LQGDO6WHHO
+LVVDU ,QGLD 7KH VSHFWURVFRS\ ZDV GRQH RQ VDPSOHV ZKLFK ZHUH WDNHQ IRU H[SHULPHQW WKLV VKRZHG FKHPLFDO
FRPSRVLWLRQLQZWZKLFKLVJLYHQEHORZ
7DEOH6SHFWURVFRS\
7\SHRIVWHHO & 0Q 6L 6 3 &U 0R &X 1L $O )H
0Q0R1L           %DODQFH
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5HDJHQW 'LVWLOOHG:DWHUPO+&OPO	&RSSHUVXOSKDWH&X62JUDPVLPPHUVLRQRUVZDEHWFK IRUD
IHZVHFRQGVLVVKRZQLQ)LJDE
7KH PLFURVWUXFWXUH RI 0Q0R1L VWHHO UHYHDOHG IHUULWLF VWUXFWXUH LH WKH ZKLWH VSRW ZKLFK LV VHHQ LQ
PLFURVWUXFWXUHLV IHUULWHDQGWKHUHVW LVRWKHUSKDVHDQGWKHPLFURVWUXFWXUHRI $,6,VDPSOHUHYHDOHGWKDW VRPH
YRLGDQGSLWDUHSUHVHQW
)LJD 0LFURVWUXFWXUHRI0Q0R1LVWHHO E 0LFURVWUXFWXUHRI$,6,VWHHO DW [PDJQLILFDWLRQ
6DPSOH3UHSDUDWLRQ
7KHH[SHULPHQWZDVSHUIRUPHGRQVDPSOHVZKLFKZHUHPDGHWRVSHFLILHGGLPHQVLRQVRIDSSUR[LPDWHO\[
[PP IURPSODWH VHFWLRQV7KHVSHFLPHQVZHUHSROLVKHGRQ6L&HPHU\SDSHUGRZQ WR WKH IURP
JUDGHV3ROLVKLQJZDVFDUULHGRXWRQDOOVL[IDFHV7KHVSHFLPHQVZHUHGHJUHDVHGE\XOWUDVRQLFFOHDQLQJLQHWKDQRO
DQG GULHG WKHQ WKH\ ZHUH DFFXUDWHO\ ZHLJKHG DQG PHDVXUHG WR GHWHUPLQH WKH WRWDO VXUIDFH DUHD H[SRVHG WR WKH
FRUURVLYH HQYLURQPHQW
+LJKWHPSHUDWXUHR[LGDWLRQVWXG\LQ6DOW(QYLURQPHQW
+RW&RUURVLRQ VWXGLHVZHUH FRQGXFWHG DW & LQ ODERUDWRU\ XVLQJ VLOLFRQ FDUELGH WXEH IXUQDFHKDYLQJ







6DPSOHVRI 0Q0R1L DQG $,6, VWHHOZHUHNHSWLQDOXPLQDERDWDQGKHDWHGLQDQRYHQDORQJZLWK
DOXPLQDERDWXS WR&DQG WKHVDOWPL[WXUHRI ZW1D62ZW.62 GLVVROYHG LQGLVWLOOHGZDWHUZDV
FRDWHGRQWKHZDUPSROLVKHGVDPSOHVZLWKWKHKHOSRIDFDPHOKDLUEUXVK7KHDPRXQWRIWKHVDOWFRDWLQJYDULHVLQ
WKHUDQJH±PJFP7KHVDOWFRDWHGVDPSOHVZHUHWKHQGULHGDW&IRUDQGòKUVLQDQRYHQWRUHPRYH
WKHPRLVWXUHDQG WKHQZHLJKHGDIWHU WKLVVDPSOHRI 0Q0R1L DQG $,6, ZHUH LQVHUWHG LQGLIIHUHQW WXEXODU
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IXUQDFH 7KHVHVDPSOHVZHUHNHSW LQ IXUQDFH IRUKUDWD WHPSHUDWXUHRI&DQG WKHQ WKH\ZHUHUHPRYHGDQG
FRROHGIXUWKHUIRUPLQXWHVDWURRPWHPSHUDWXUHDQGWKHLUZHLJKWZHUHWDNHQE\HOHFWURQLFEDODQFHPDNH&RQWHFK
,QGLD KDYLQJ VHQVLWLYLW\ RI  JPV 7KLV F\FOH ZDV UHSHDWHG IRU  WLPHV LH  F\FOHV ZHUHPDGH IRU HDFK




































































)LJDE :HLJKWJDLQYHUVXV1RRIF\FOHVSORW IRU 0Q0R1L VWHHO	$,6,EDUHVWHHOH[SRVHGWRVDOWHQYLURQPHQWDW
&IRUF\FOHV
7DEOH3DUDEROLFUDWHFRQVWDQW.S
7KH 3DUDEROLF UDWH FRQVWDQWIRU ERWKVWHHOVDPSOHVLVVKRZQLQ7DEOH7KH.3 YDOXHRI0Q0R1LVWHHOLVKLJKHU
WKDQ $,6, VWHHO +HQFH WKLV WDEOH LQGLFDWH WKDW $,6, VWHHO KDV EHWWHU WKDQ 0Q0R1L VWHHO LQ VDOW













KHOS RI LQRUJDQLF ;UD\ 'LIIUDFWLRQ GDWD FDUG IURP 3RZGHU GLIIUDFWLRQ ILOH RI -&3'6 +HOS RI VRIWZDUH QDPHG
3KLOLSV;¶SHUW+LJKVFRUHDQG(YDZDVDOVRWDNHQIRUILQGLQJRXWFRPSRXQGVDWUHVSHFWLYHSHDNV





























































































)URPWKH;5D\'LIIUDFWLRQDQDO\VLVLWLVIRXQGWKDWLURQR[LGH)H2FKURPLXPR[LGH &U2  DUHPDMRU
SKDVHVZKLFK DUH IRUPHG LQ 0Q0R1L VWHHO	 LQ VSDOODWLRQRI VFDOHZKHUH DV1L21L&U2 6SLQHO R[LGH
VFDOHDUHSUHVHQWEHVLGHVWKH)H2 DQG&U2 LQ$,6,	LQVSDOOHGVFDOHVDPSOHRI$,6,&U2 DQG1L&U2
DUHPRUHSURWHFWLYHR[LGHOD\HURQWKHVXUIDFHGXHWRZKLFKIXUWKHUR[LGDWLRQLVSUHYHQWHGDVLWDFWVDVEDUULHUIRU
FRUURGLQJ PHGLD WR VXEVWUDWH EXW LQ FDVH RI 0Q0R1L VWHHO DPRXQW RI &U2 LV YHU\ OHVV ZKLFK LV PDLQO\
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:KLOH VXUIDFHPRUSKRORJ\ RI $,6,  VDPSOH VDOW R[LGL]HG DUH VKRZQ LQ )LJ  LQGLFDWH WKDW VFDOH LV
PDLQO\ FRQVLVW RI)H2&U2 1L&U2 6SLQHOZLWK OLWWOH DPRXQWRI)H2 DQG1L2 LV DOVR IRUPHGDV VDLG LQ
;5' DQDO\VLV DQG DOVR FRPSDFW QDWXUH RI VFDOH LV IRUPHG  ,Q RWKHU ZRUG ZH FDQ VD\ WKDW GLIIXVLRQ RI R[\JHQ
WKURXJKVFDOHLV OHVVZKLFKUHYHDOVWKDW WKLVVXEVWUDWHKDVKLJKR[LGDWLRQUHVLVWDQFHDVFRPSDUHG WR0Q0R1L
VWHHO
&URVVVHFWLRQDOVFDOHDQDO\VLV









































































VFDOHIURPWKDWRIFRDWLQJLQWHUQDOR[LGDWLRQIXUWKHUOHGWRWKHFUDFNLQJRIWKHVFDOH DVVDLGE\ 1LUDQDWOXPSRQJ HWDO
$VWKHUHDUHYDULRXVHOHPHQWVDQGHDFKKDYHGLIIHUHQWWKHUPDOFRHIILFLHQWRI H[SDQVLRQKHQFHWKHUHZLOOEH
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PRUHVWUHVVJHQHUDWHGZKLFKZLOOOHDGWRPRUHFUDFNLQJ7KURXJKWKHVHFUDFNVFRUURVLYHJDVHVFDQSHQHWUDWHWRWKH
EDVH PDWHULDO DQG ZLOO WKXV DOORZ VLJQLILFDQW JUDLQ ERXQGDU\ FRUURVLRQ DWWDFN 'DQ\OXN HW DO  ,Q VSLWH RI
FUDFNLQJ LQ VRPH FDVHV OLWWOH ZHLJKW JDLQ KDV EHHQ UHFRUGHG ([WUXVLRQ RI PDWHULDOV IURP EHQHDWK DQG R[LGH
SURWUXVLRQVDUHEHOLHYHGWREHGXHWRWKHJUHDWHUVSHFLILFYROXPHRIR[LGHVVLPLODUWRWKHILQGLQJVRI %RUQVWHLQHWDO
7KHEHWWHUR[LGDWLRQUHVLVWDQFHRI$,6,VWHHOVPD\DOVREHDWWULEXWHGWRWKHOHVVDPRXQWRIIRUPDWLRQRID
1L2OD\HU LQ WKHVFDOH'XULQJ('6DQDO\VLV LWZDVREVHUYHG WKDWYHU\ OHVVDPRXQWRI1L2OD\HUZDVVHHQ LQ WKH
R[LGHVFDOHRI$,6,VWHHODVFRPSDUHGWRVSLQDO SKDVH7KLVOD\HUKDVEHHQVXJJHVWHG WREHORRVHVWUXFWXUHGE\
; :X HWDO ZKLFKPD\QRWEHDEOHWRSURYLGHHIIHFWLYHSURWHFWLRQ 1LUDQDWOXPSRQJ HWDO  KDYH DOVR
VXJJHVWHGLQFUHDVHLQWKHSRUHVL]HRI1LDQG&UVFDOHZLWKLQFUHDVHLQH[SRVXUHWLPHZKLFKDOORZVWKHGHJUDGLQJ
VSHFLHVWRSHQHWUDWHWKURXJKWKHFRDWLQJWKHUHE\ UHVXOWLQJLQ WKHR[LGDWLRQRIVXEVWUDWHVWHHOV
)LJ  %6(, DQG HOHPHQWDO;UD\PDSSLQJ RI WKH FURVVVHFWLRQ RI 0Q0R1L VDPSOH H[SRVHG WR F\FOLF KRW FRUURVLRQ DW
&IRUF\FOHVLQVDOWRI ZW1D62ZW.62
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 7KHF\FOLFR[LGDWLRQEHKDYLRXURI$,6,VWHHOLQVDOWIROORZSDUDEROLFQDWXUHZKHUHDVLQ0Q0R1L
VWHHOVKRZVUDSLGLQFUHDVHLQZHLJKWJDLQDIWHUWK F\FOH
 ,Q0Q0R1LVWHHO KHPDWLWH)H2 IRUPHG DWWRSVXUIDFHZLWKOHVVDPRXQWRI&U2,Q $,6,VWHHO
6SLQHOLVIRUPHGZKLFKLVPRUHSURWHFWLYHOD\HU 7KLVVKRZVWKDWR[LGDWLRQUHVLVWDQFHRI0Q0R1LVWHHOLV
OHVVWKDQ$,6,VWHHO
 7KH.SYDOXHRI$,6,VWHHOLV[ J FP V PXFKORZDVFRPSDUHG0Q0R1LVWHHO
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